The proximate composition of biochemical constituents was analyzed in the muscle of adult male and female prawns of Macrobrachium rosenbergii collected from two different natural culture sites. This was in the order of moisture > protein > amino acids > carbohydrate > nucleic acids (RNA > DNA) > lipid > fatty acids > ash. The prawns collected from both natural culture sites showed reasonably good proximate composition. This indicates that the wild has provided adequate food source to the prawns. The proportion of total protein, amino acids, lipid, fatty acids, carbohydrate and RNA were found to be higher in female prawns than in the males. In contrast, the proportions of moisture and ash contents were higher in male prawns when compared with females. The level of DNA was found to be unchanged in both male and female prawns. HPTLC analysis of amino acids revealed higher levels of essential amino acids, such as phenylalanine, leucine, tyrosine, isoleucine, tryptophan, methionine, valine, threonine, arginine, histidine, lysine in female prawns when compared to the male prawns. Similarly, GC analysis of fatty acids showed both polyunsaturated and saturated fatty acids levels were found to be higher in female prawns when compared to the males. The variation in muscle constituents between male and female prawn reflects the differences in sex development and their energy requirements for body maintenance during the adult stage. In the present study, nutrition wise, the adult female prawn was as good or better 
Introduction
Aquaculture has been described as an underwater agriculture mainly to increase the production above the natural, wild level. It implies some form of intervention in the rearing process by exploiting water bodies to enhance production through regulated stocking density, feeding, and protection from predators etc. The intervention promises the development of sustainable and viable, eco-friendly systems that enable successful commercialization of aquaculture starting from seed production to ensuring supply of quality sea food to the consumer. World aquaculture continues to grow more rapidly than all other animal food-producing sectors, with an average annual growth rate of 8.8 % from a production of below one million Tones in early 1950's to 59.4 million Tones during 2002 Tones during -2004 , with a value of 70.3 billion US $. During this period, production in developing countries other than China increased at an annual rate of 11.0 %, compared with 5.0 % for China alone, and about 2.0 % in the developed countries (FAO, 2007) . In freshwater aquaculture, apart from carp, some of the largest growing prawn species of Macrobrachium genera, particularly M. rosenbergii, commonly called 'Scampi' has been found to be more suitable for culture. This species of prawn have remarkable advantage, because of its omnivorous feeding habit, fairly high growth rate, attractive size, better meat quality with good amount of protein, tolerance of wide range of temperature 0 C) and resistance to diseases (Ling, 1969) . It has a high market price and a good export potential. It is a nutritious delicacy for mankind.
In India, after the decline of Penaeus culture due to disease problems and serious environmental issues, the fisheries and aquaculture of freshwater prawns came into forefront. The giant freshwater prawn, M. rosenbergii inhabits the tidal rivers along the west coast (from Indus delta to Malabar) and east coast (from the south to Mahanathi delta and also deltaic Bengal). Until recently freshwater prawn farming has been practiced by adopting traditional methods, where the young ones collected from the wild were reared in semi intensive farms. Now, artificial seed production technique for successful rearing of larval stages of M. rosenbergii is available. This species also shows compatibility for poly culture with carps (Sivashankar, 1995; Mukhopadhyay et al. 1997; Karplus et al. 2000) . Species growing to more than 15 g are suggested as commercially important (Chandrasekaran and Sharma, 1997; Mariappan et al. 2003) . M. rosenbergii grows to about 32.0 cm in length and weighs about 200 g. This has become the favorite species for small-scale as well as large-scale inland aquaculture farming all over the world (Nandlal and Pickering, 2005) . Farming of M. rosenbergii in cages in lakes is a viable alternative to pond culture, and has the potential to improve aquaculture production (Cuvin-Aralar et al. 2007 ).
There are several reports available with respect to improvement of nutritional quality of M. rosenbergii under culture conditions (Hilton et al. 1984; Ravishankar and Keshavnath, 1986; Briggs et al. 1988; Reed and D'Abramo, 1989; Sheen and D'Abramo, 1991; Das et al. 1996; Tidewell et al. 1997; Cheng and Hardy, 2004; Hossain et al. 2006; Hossain and Paul, 2007; Hasanuzzaman et al. 2009 ). However, literature is scanty regarding the proximate composition of M. rosenbergii in the wild except a few reports (Cavilli et al. 2001; Thompson et al. 2004; Bhavan et al. 2008) . Therefore, in the present study, an attempt has been made to evaluate the proximate composition of basic biochemical constituents, such as total protein, amino acids, carbohydrate, lipid, fatty acids, DNA, RNA, moisture and ash in the muscle of adult male and female M. rosenbergii collected from two different natural culture environments. The profiles of amino acids and fatty acids have also been analyzed to assess and differentiate their nutritional quality.
Materials and Methods
Healthy adult prawns of M. rosenbergii were captured from two natural culture environments, Valayar irrigation canal (site-1) and Malampuzha Reservoir (site-2), Palakkad, Kerala. The male and female prawns were segregated. Ten prawns of almost equal size in each sex were segregated from the capture of each culture site. The matured males are larger than the females and possess enlarged second pair of walking legs. The adults are identified by the enlarged and sharply up turned rostrum and horizontal lines on the carapace, which increase in number with the increasing size of the prawn. In sexually ripened female the fully developed ovary is an orange colored mass and seen through the carapace. They were safely brought to the laboratory in well-oxygenated containers and the morphometric data were taken immediately.
Estimation of Proximate composition
The prawns were sacrificed and muscle tissues were sampled. The samples were immediately processed for analyzing the proximate composition, such as moisture, protein, amino acids, carbohydrate, nucleic acids (RNA and DNA), lipid, fatty acids and ash, and also for analyzing the profiles of amino acids and fatty acids. The content of total protein was estimated following the method of Lowry et al. (1951) using alcoholic precipitated sample. Total carbohydrate was estimated by the method of Roe (1955) using TCA extracted sample. Total lipid was extract with chloroform-methanol mixture following the method of Barnes and Black-Stock (1973) and estimated by the method of Folch et al. (1957) . Amino acids were extracted using Sodium tungstate and H 2 SO 4 . The content of total amino acid was assayed by the method of Moore and Stein (1948) . The concentration of fatty acid was estimated by the method of Duncombe (1963) . Nucleic acid was extracted from methanol insoluble tissue residue by the method of Schneider (1957) , and the contents of DNA and RNA were assayed following the method of Burton (1956) and Ceriotti (1955) respectively. The pre weighed wet tissue samples were dried under 40 o C to measure the moisture content. The dried tissue sample was subjected to 600 o C under a Muffle Furnas to measure the ash content.
Analysis of the profiles of amino acids
The profile of amino acids was done following high performance thin layer chromatographic (HPTLC) method (Hess & Sherma, 2004) . The HPTLC profile of amino acids in the muscle of the prawns was analyzed. The prawns were dried (80 o C for 3 hrs), digested with 6 M aqueous hydrochloric acid and dried under vacuum. The powdered sample was dissolved in distilled water and 5 µl of sample was loaded on 8 mm thick pre-coated Silica gel 60F 254 TLC plate (20 cm x 15 cm) and processed in CAMAG-LINOMAT 5 instrument. The plate was developed in butane-Ammonia-Pyridine-Water (3.9:1:3.4:2.6) mobile phase. The plate was sprayed with ninhydrin reagent prepared in propan-2-ol and dried. The developed plate was documented using photo-documentation chamber (CAMAG-REPROSTAR 3) at UV 254 nm and UV366 nm lights. Finally, the plate was scanned at 500 nm using CAMAG-TLC SCANNER 3. The peak area of the sample was compared with standard amino-acids and quantified.
Analysis of the profiles of fatty acids
The profile of fatty acids was done following gas chromatographic (GC) method (Nichols et al. 1995) . Fatty acids were obtained from lipids by saponification using NaOH dissolved in methanol H 2 O mixture (hydrolysis with alkali). They were methylated into fatty acid methyl ester using HCl and methanol mixture, which can be easily identified by gas chromatography. The fatty acid methyl ester was separated using mixture of hexane and anhydrous diethyl ether. For the organic phase aqueous NaOH was used as base wash and the upper organic layer was separated. Two μl of sample was injected and analyzed using Chemito 8610 Gas chromatography, with BPX70 capillary column and flame ionization detector. Nitrogen was used as carrier gas. The chromatogram was used for calculation. Standard fatty acids were analyzed simultaneously. Based on the retention time and peak area of the standard fatty acids, each fatty acid in the unknown sample was identified. The recorded data were subjected to statistical analysis by adopting Student `t` test (Zar, 1984) . Table 1 depicts morphometric data taken from male and female prawns captured in two different natural culture sites. Prawns collected from site-2 showed higher average body length and mass when compared with prawns of site-1 (Table 1 ). The differences in body length and mass between culture sites of individual sex, and the differences between sexes of same site were found to be statistically significant except the body length of females between sites. The better market quality was further evident from the higher proximate compositions recorded in prawns captured from culture site-2 (Table 2) . Generally, the proximate composition of biochemical constituents recorded was in the order of moisture > protein > amino acids > carbohydrate > nucleic acids (RNA > DNA) > lipid > fatty acids > ash. The proportion of total protein, amino acids, lipid, fatty acids, carbohydrate and RNA were found to be higher in female prawns than in males. The differences recorded in these parameters between sites of the same sex except amino acid were found to be statistically significant. In contrast, the proportions of moisture and ash contents were higher in male prawns than in females. However, the differences in these parameters between sites of the same sex and between sexes of the same site were found to be statistically not significant. The level of DNA was found to be unchanged in the muscle tissue of both male and female prawns (Table 2) .
Results

Morphometric variation and proximate composition
Profiles of amino acids
The profiles of amino acids detected through HPTLC analyses from the muscle of the prawns are presented in Table 3 . Eighteen amino acids were detected, among these phenylalanine, leucine, tyrosine, isoleucine, tryptophan, methionine, valine, threonine, arginine, histidine, lysine are essential amino acids, and, alanine, cysteine, proline, glutamic acid, serine, aspartic acid, glutamine and glycine are non-essential amino acids. The content of these amino acids was found to be higher in prawns collected from culture site-2, when compared to that of site-1. In the case of males the differences recorded particularly for essential amino acids, such as phenylalanine, leucine, valine and arginine were found to be statistically significant. In the case of females the differences recorded for all the essential amino acids except tyrosine and isoleucine, tryptophan, and histidine were found to be statistically significant. Moreover, the female prawns showed more differences in the contents of these amino acids when compared the male prawns (Table 3 ). The differences between males and females of site-1, in almost all the essential amino acids were found to be statistically significant. However, in the case of site-2, in addition to essential amino acids, the differences recorded in non-essential amino acids as well were found to be statistically significant.
Profiles of fatty acids
The profiles of fatty acids detected through GC analyses from the muscle of the prawns are presented in Table 4 . There were 15 fatty acids detected, which include both essential (unsaturated) and saturated fatty acids. The essential fatty acids (EFA), mono and polyunsaturated fatty acids cannot be synthesized by the body. The n-3 (ω-3) series of polyunsaturated fatty acids detected in the muscle of prawns was linoleic acid (18:2), eicosapentaenoic acid (EPA) (20:5), docosahexaenoic acid (DHA) (22:5) and octadecatatrienoic acid (18:4). Similarly, the n-6 (ω-6) series of polyunsaturated fatty acids detected was linolenic acid (18:3) and arachidonic acid (20:4). The mono unsaturated fatty acids detected were palmitoleic acid (16:1), oleic acid (16:1), docosanic acid (22:1) and erucic acid (22:1). The others were saturated fatty acids, such as myristic acid (14:0), palmitic acid (16:0), stearic acid (18:0), arachidic acid (20:0) and lignoceric acid (24:0) ( Table 4 ). The contents of fatty acids, especially the essential fatty acids, were found to be higher in both male and female prawns collected from culture site-2, when compared to that of site-1. In males, the differences recorded particularly for essential fatty acids, such as linolenic acid, EPA, DHA, octadecatatrienoic acid, docosanic acid, erucic acid and arachidonic acid were found to be statistically significant. In females, the differences recorded for linolenic acid, EPA, DHA, octadecatatrienoic acid and erucic acid only were found to be statistically significant (Table 4) . Moreover, when the differences in the fatty acids contents recorded between male and female were compared, it was found that all the essential fatty acids were found to be statistically significant in both site-1 and site-2 (Table 4) .
Discussion
Edible crustaceans, such as crab, shrimp, prawn, crayfish and lobster constitute one of the major sources of nutritious food for human being. Among seafood, prawns and shrimps contribute about 20% by volume of the world seafood market. Seafood in general, and prawns and shrimps in particular, are highly nutritious with good source of protein and amino acids. The fiber in prawns has a nutritional advantage in that it will assist in reducing constipation and other attendant problems in human consumers. The nutritive values of crustaceans depend upon their biochemical composition, such as protein, amino acids, lipid, fatty acids, carbohydrate, vitamins and minerals. In the present study, the observed results in the proximate composition, and profiles of amino acids and fatty acids in adult male and female prawn, M. rosenbergii reared under natural environment have been compared and discussed from a nutritional point of view.
Morphometry
In aquaculture, the length-weight data provide some useful information in market oriented farm management (Cheng and Chen, 1990; Primavera et al. 1998; Chow and Sandifer, 199; Peixoto et al. 2004) . In the present study, the collected prawns were of a marketable size and such sized prawns fetched up to Rs.500 per kg in the local market depending upon the demand. It has been reported that the growth rate of M. rosenbergii depends upon age and sex, genetic influences of parent type, rate and frequency of feeding, quality of food, disease, and environmental factors, such as stocking density, temperature, oxygen tension and water quality in terms of waste products (New et al. 2008) . These factors also influence the duration of the intermolt period and the molt size increment. These two interlinked aspects determine the growth rates, with faster growth rates at higher food concentrations and higher temperature (Hartnoll, 1983) . In freshwater crustaceans, differences between the relative growth of chelipeds and abdomen usually coincide with sexual maturation (Holdich and Lowey 1988) . It has been reported that in males, there was a dramatic increase in the relative size of the chelae and chelipeds, while females increase the relative size of the abdomen (Gu et al. 1994) . In the present study, the body mass means, total weight of the animal including chelate legs. The difference in body mass between male and female prawns was much higher when compared to the difference recorded in body length (Table 1) . Usually, the matured males are larger than the females and possess enlarged second pair of walking legs. Therefore, chelate legs contribute much in total body mass of male prawns.
Proximate composition
Prawns contain good amount of organic and inorganic constituents. The main constituents are protein, amino acid, carbohydrate and lipid. In addition to that prawns also contain a significant proportion of minerals (Ca, P, Mg, Mn and Cl) and vitamins (A, C and D) (Abulude, et al., 2006) . The proximate body composition including moisture, fat, protein and ash are good indicators of physiological condition of an organism. The greater the protein and lipid content represents higher the energy density (Dempson, et al. 2004) . However, quantities of these constituents vary considerably within and between species, size, sexual condition, feeding season and physical activity (Rosa and Nunes, 2003; Nargis, 2006) . In this investigation, the proportion of protein was greater followed by carbohydrate and lipid in the muscle of the prawns. Moreover, the concentration of protein was found to be significantly higher in the female prawns when compared to the male prawns (Table 2) . Similar difference between male and female sex has been reported in fish, and furthermore, the protein components of muscle tissues varied with the change of season, and the seasonal variation found in females was greater than in the males (Nargis, 2006) .
Protein and amino acids
One of the major requirements of prawn culture is the transformation of dietary protein into tissue protein.
Protein is essential for normal function, growth and maintenance of body tissues. Its content is considered to be an important tool for the evaluation of physiological standards (Diana, 1982) . Amino acids are the building blocks of proteins and serve as body builders. They are utilized to form various cell structures, of which they are key components and they serve as source of energy (Babsky et al. 1989) . Crustacean muscles contain high concentration of free amino acids, such as arginine, glycine, proline, glutamine and alanine (Cobb et al. 1975) . The free amino acids have been shown to function in osmoregulation (Fang et al, 1992) . They have major contribution to the flavor of sea food (Thompson et al. 1980) . The amino acid, tryptophan plays an important role in the brain as a precursor of the neurotransmitter, serotonin, which has a major effect on the feeding behavior of animals (Mullen and Mortin, 1992) . Valine is involved in many metabolic pathways and is considered indispensable for protein synthesis and optimal growth (Wilson, 2002) . Histidine is also an indispensable amino acid involved in many metabolic functions including the production of histamines, which take part in allergic and inflammatory reactions. It plays a very important role in maintaining the osmoregulatory process and is related to energy production or is used in other metabolic pathways during certain emergencies/ harsh conditions (Abe and Ohmama, 1987) . In the present study, the levels of indispensable amino acids were found to be increased in female prawns in comparison to the male prawns. This suggests sex differences and unique physiology of adult female prawns. The overall contents of these amino acids indicate that the growth of both male and female prawns was progressed positively in the wild.
Carbohydrate
Carbohydrates are considered to be the first among the organic nutrients to be utilized to generate required energy (Heath, 1987) . They serve as precursors for the dispensable amino acids and some nutrients, which are metabolic intermediates necessary for growth (NRC, 1993) . They exist both in free and in bound state along with proteins as protein-bound sugars and glycogen. The concentration of carbohydrate in the muscle showed some differences when compared between male and female prawns, as well as prawns of the same sex of different culture sites (Table 2 ). This indicates the availability of such an important and immediate energy precursor in the wild for the survival and growth of M. rosenbergii.
Lipid and fatty acids
Lipids are extremely important in maintaining structural and physiological integrity of cellular and sub-cellular membranes. Lipids are the best source of energy producers of the body through metabolism. They provides a source of indispensable nutrients and act as carriers of certain non fat nutrients, notably the fat soluble vitamins like A, D, E and K (New, 1986; Richardo et al. 2003) . In the present study, the level of total lipid was found to higher in female prawns when compared to the male prawns (Table 2) . Moreover, the levels of polyunsaturated fatty acids (PUFA), such as linoleic, linolenic, eicosapentaenoic (EPA), decosapentaenoic (DHA), octadecatatraenoic and arachidonic acids were found to be higher in female prawns when compared with male prawns (Table 4 ). The hepatopancreas is the main lipid storage organ, triglycerides and phospholipids being its major lipid components, while the muscle contained mainly phospholipids (Muriana et al. 1993; Chanmugam et al. 2006 ).
Generally, the muscle of the prawn contained lower quantity of lipid (Bhavan et al. 2008; Bhavan, 2009) . Therefore, prawns and other sea foods are preferred by the consumer. Lipids also form a major component of yolk in decapod crustaceans. The majority of lipids stored in oocytes are derived from extraneous sources, particularly the hepatopancreas (Varadarajan and Subramoniam, 1982) . Lipids are the precursors of endocrine hormones. The higher quantity of total lipid and fatty acids recorded in the adult female prawns may be necessitated for performing certain specific physiological activity related to reproduction.
It has been reported that incorporation of essential fatty acids in the diet produced better growth rate and survival in aquaculture (Read, 1981; Sargent et al. 1999; Bell and Sargent, 2003) . In the present study, the presence of n-3 PUFA, particularly, linoleic, EPA and DHA indicates better growth and survival of M. rosenbergii in the wild. The higher levels of EPA and DHA would increase stress tolerance and membrane permeability (Watanabe et al. 1989; Watanabe, 1993) . The arachidonic acid (n-6) is a precursor of prostaglandin hormone, which is essential for reproduction and vitellogenesis (Bell and Sargent, 2003; Tamaru et al. 1997, Tamaru and Ako, 2000) . In the present study, the presence of higher level of arachidonic acid in the adult female prawns when compared to that of male prawns indicates its physiological state. The level of oleic acid (n-9) was also recorded to be comparatively higher in female prawns than in male prawns. In the present investigation, both sexes of M. rosenbergii contained high levels of EFA. However, the fact that female prawns had greater quantity of these fatty acids than the male prawns indicates their nutritional value, physiological and reproductive states.
The interaction and balance between ω-3, ω-6 and ω-9 fatty acids are crucial for maintenance of good health (Christensen et al. 2001; Von-Schacky et al. 1999) . The ω-3 fatty acids have anti-inflammatory and anti-coagulant properties as well as many other important health benefits. The DHA is important for pregnant and nursing mothers and in young children for healthy development of the brain and vision. The EPA can be considered the most important for everyone else as it is necessary for continuation of the efficient functioning of the brain and body at the cellular level. The ω-6 fatty acids have their own role in female reproductive cycle. The ω-9 fatty acids help to reduce the risk of arteriosclerosis, cardiovascular disease and stroke. Since M. rosenbergii contains considerable amounts of PUFA it can provide a healthy choice of daily diet.
Nucleic acids
Crustaceans change physiologically throughout the molt cycle and exhibit pronounced biochemical changes associated with specific molt stages (Moss, 1994) . In the present investigation, the concentration of DNA was found to be almost equal in both male and female prawns (Table 2 ). It has also been reported that the DNA content remained remarkably stable and assumed to be constant in normal somatic cells of Penaeus monodon (Kian and Mustafa, 2005) . The quantity of RNA within a cell is highly variable and reflects the activity of protein synthesis (Khan and Jafri, 1991; Tripathi and Verma, 2003) . In the present study, the concentration of RNA was found to be slightly higher in female prawns when compared with male prawns (Table 2 ). This suggests that the adult female prawns were in synthetic stage. To support this fact, the increased RNA content in the hepatopancreas and muscle of Penaeus indicus has been correlated with enhanced protein synthesis and better growth (Jayaprakas and Sambhu (1996) . The higher level of protein and RNA, and unchanged DNA has also been reported in the crayfish, Orconectes virilis during the normal pre molt stage (Gorell and Gilbert, 2004) .
Moisture and ash
Prawns and shrimps are highly perishable because of their high moisture content, low connective tissue and their high amino acid content (Shamasunder and Prakash, 1994) . In the present study, the contents of moisture and ash were found to be slightly higher in male prawns than that of the female prawns. It has been reported that the muscle of male prawns contained higher levels of ash and water, and the females have relatively greater amounts of fat, protein and carbohydrates (Amer et al. 1991) . It has also been reported in fish that the moisture content in the case of male was higher when compared to that of female both in winter and summer seasons (Nargis, 2006) . The proximate composition observed in the present study suggests that the mineral constituents were higher in male prawns when compared to those of female prawns. The high moisture content of males explains their higher body mass compared to females.
The dynamics of protein, lipid, carbohydrate, and other important biochemical components involved in energy metabolism were regulated by various factors, such as sex, reproductive cycle, capture period, food availability, hydrologic level etc. (Tzeng et al. 2001; Oliveira et al. 2003; May-Ku et al. 2006; Nargis, 2006) . In the present study, the variation in muscle constituents between male and female prawn reflects the differences in sexual development and their energy requirements for maintenance of body physiology during the adult stage. Therefore, the recorded data indicate that sex has a role in growth rate and meat quality of M. rosenbergii.
indicates that wilderness has provided the required nutrients to the prawns. As the water bodies in the wild were not controlled and maintained like a confined culture pond, they should have contained all types of food items. The various food items should have been consumed, since this species of prawn is omnivorous in behavior. However, the prawns of culture site-2 showed better proximate composition than the prawns taken from culture site-1. This may because of the physical, chemical and biological conditions related to the habitat. The recorded data indicates that nutritionally the adult female prawns were good or even better than the adult male prawns. Since M. rosenbergii is a good protein source and low in fat with lots of essential amino acids and polyunsaturated fatty acids this species of prawn can be recommended as a healthy choice for human consumption. Each value is mean ± SD of 3 individual observations. *Significant at 10.0% level (P < 0.1). NS Not statistically significant. Each value is mean ± SD of 3 individual observations. *Significant at 10.0% level (P < 0.1). NS Not statistically significant.
